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I A METHOD AND DEVICE FOR MEASURING THE THICKNESS AND THE 

i ELECTRICAL CONDUCTIVITY OF AN OBJECT OF MEASUREMENT 



TECHNICAL FIELD 



The present invention relates primarily to non-contact 
I measurement/determination of the sought properties or para- 

meters of an object to be measured, such as, for example, ^ 
geometrical dimensions or electrical properties. These may 
10 be the thickness or electrical conductivity of the object to 

be measured. The invention relates specifically to non-con- ^ 
tact measurement that utilizes electromagnetic induction and ^ 
measures on electrically conductive but substantially non- ^ 
magnetic objects such as, for example, metal products. 

One particular field of application is thiclcness measurement ^ 
in the manufacture of metal sheets, metal strip, etc., and, O 
for example, where it is necessary to continuously measure ^ 



15 



the thickness of the sheet to be able to increase the final 
20 quality of the sheet or strip. 

The invention may also be used for measuring non-metallic, 
but electrically conductive, objects. 

25 The invention is especially suited for non-contact and 

simultaneous measurement of thickness and electrical proper- 
ties of a thin metallic and non-magnetic material such as, 
for example, metal foil. 

30 BACKGROUND OF THE INVENTION 

Measurement of dimensions and properties of metal products 
is of vital importance in the metal industry of today. To be 
able to control the end products to the desired quality in 
35 the manufacturing processes, it is of great irtportance for 
the continuous measurement of different quantities /parame- 
ters of the product to be correct and reliable. This parti- 
cularly applies to the manufacture of sheet or strip where, 
for example, the thickness is of vital significance. The 
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techniques that are used today such as, for example, light- 
based techniques, radiation-based techniques, and techniques 
with mechanical contact, are often sensitive to disturbances 
in the surroundings and to the composition of the measured 
5 material. Therefore, known methods are not suitable to use 
when the highest material quality is aimed at. A new funda- 
mental measurement technique, which does not suffer from 
these shortcomings, is therefore necessary to demonstrate. 

10 BACKGROUND ART 

Inductive measurement technique has long been suggested as a 
possible measurement technique for measuring dimensions and 
properties of metals. The oldest methods in the field for 
15 which patent applications have been filed date back as early 
as 1920. This technique never became really industrially 
accepted and applied since the measurement of the thickness 
of an object was influenced far too much by the composition 
of the material. » 

20 

Only after the technique disclosed in US 5,059,902 and SE 
517293 did the measurements become a success and the tech- 
nique became industrially accepted and applied. With the new 
technique, industrially useful and successful measuring de- 
25 vices could be designed. These measuring devices solved the 
shortcomings from which the prior art measurement technique 
suffered. 

One disadvantage of this new technique, however, has been 
30 that it has not been possible to use it for measuring very 

thin sheets such as, for example, metal foil. This is a con- 
siderable disadvantage, since an industrial measurement 
technique should be generally applicable and be able to 
measure sheets of different thicknesses and of different 
35 material properties. 



Another known method for non-contact measurement of the 
thickness of a sheet is to irradiate the sheet with radio- 
active radiation or with x-ray radiation and then measure 
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the radiation absorption of the sheet. This absorption is 
dependent on, among other things, the thickness of the sheet 
and constitutes a primary measured value of the thickness 
thereof. The measured value is, however, also influenced by 
5 the composition of the material, so the accuracy of measure- 
ment is not sufficiently good. 

It is also previously known to measure the thickness of a 
strip or a sheet of an electrically conductive material with 

10 electrical induction methods. To this end, one or more 
transmitter coils are allowed to generate a time-varying 
magnetic field which is brought to penetrate into the elec- 
trically conductive material and to induce a current there. 
This current in turn generates a magnetic field that induces 

15 a voltage in one or more receiver coils. The induced voltage 
is used, after some signal processing, as a measure of the 
thickness . 

The methods and devices which are most suited for the pur- 
20 pose, and therefore are most used in practice, are based on 
the use of the time variation that is received when current 
to the transmitter coils is suddenly cut off, for example in 
one stage. This method of achieving time variation has pro- 
ved to provide methods and devices, which are useful in 
25 practice, to a considerably higher extent than the technique 
that is based on sinusoidal time variation, which was pre- 
viously the commonly used technique. 

The method that is described in US 5,059,902 has proved to 
30 function well in many measurement contexts where measurement 
on electrically conductive materials has been aimed at. How- 
ever, when measuring on sheet or strip, it has proved that 
it has not been possible to fulfil the highest demands for 
accuracy of measurement. Measurement at several points in 
35 time, and calculations based on these measured values, re- 
sult in too large total errors. 

In SE 517293, one such method is described, which is based 
on a suddenly switched-off current to the transmitter coil. 
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This method has solved the measurement problem in that sub- 
stantially a measurement for a certain given period of time 
immediately provides the thickness of the sheet or strip 
without being influenced by other varying parameters. 

This method has meant an industrial breakthrough for the 
manufacture of metal sheet. With the introduction of this 
technique, it has been possible to measure thickness without 
being influenced by material parameters as when using 
roentgen/ X-ray or isotope technique. There is no disturbing 
influence from the composition of the measurement region, 
that is, the composition of the air, the temperature of the 
surroundings or the material, oil and dirt, as when using X- 
ray, isotope or optical measurement. Still, the measurement 
is performed in a contactless or non-contacting manner. 

However, one problem is that the technique cannot be used 
when measuring very thin sheet and strip. For this type of 
measurement, the magnetic field penetrates very rapidly into 
the centre of the sheet or strip, and the major part of this 
penetration occurs during an initial period of time. VJhen 
the actual measurement is to be performed, that is, during a 
somewhat later period of time, the effect of the change has 
already ceased and no useful measured value is obtained. 

Not being able to measure on thin sheet and strip means that 
the usefulness of the method is considerably reduced, since 
the same user of the method often wants to be able to use 
the measuring device on both thick and thin sheets. Other 
technique must therefore be procured and used in parallel, 
which results in additional costs, etc. 

With present-day technique for contactless measurement of 
thin sheet, such as X-ray radiation and radioactive methods, 
sheet cannot be measured independently of the material; the 
measurement must be adapted/adjusted in view of the composi- 
tion of the measured material. Further, the measurement is 
influenced by other things than the sheet in the region of 
measurement, such as by oil, water, air and other impuri- 
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ties. These problems of the existing technique constitute 
serious problems which limit the reliability of known 
technic[ues and hence their usefulness. 

OBJECTS AND MOST IMPORTANT CHARACTERISTICS OF THE INVENTION 

One important problem that needs to be solved is that prior 
art known methods of measurement and devices cannot be used 
for measuring thin or very thin sheets such as, for example, 
metal foil. 

Prior art measuring devices and methods have not been able 
to fulfil the requirements for accuracy of measurement, not 
even when using inductive methods. Calculations based on 
such measurement values have resulted in too large errors. 

Another problem of the prior art is that measurement of, for 
example, the thickness of a product is influenced by the ma- 
terial composition of the object to be measured. 

A further problem is that different methods and measuring 
devices must be used in parallel today in order to carry out 
measurements of both thin and thick sheets. 

One important problem to be solved in order to obtain a real 
breakthrough for the new technique is to achieve a method of 
measurement and a device therefor which exhibit a similar 
basic technique for measuring both thick and thin materials. 

An additional problem is that the manufacture of strip and 
sheet is a power-demanding process, and in connection with 
accidents there is always a risk that meters, such as thick- 
ness meters, are damaged or destroyed. Therefore, it is im-- 
portant that the measuring devices are simple, inexpensive, 
and robust . 

The object of the present invention is to provide a method 
and a device which solve the problems described above and 
which employ inductive measurement of sheet thickness and 
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electrical conductivity of shin strip or thin sheet of elec- 
trically conductive material. 

It is a further object of the present invention to provide a 
measurement of sheet thickness which can be performed using 
the devices that are already used for achieving measurement 
of sheet thickness on thicker strip or sheet. Nor should the 
position of the object to be measured during the measurement 
influence the accuracy of measurement in a negative way. 

This is achieved according to the present invention by 

- placing a transmitter coil 3 on one side of the object 
5 to be measured, 

- placing a receiver coil 7 on the other, opposite, side 
of the object 5 to be measured, 

- generating a magnetic field in the transmitter coil 3, 

- the magnetic field generated in the transmitter coil 3 
suddenly changing, 

- detecting the voltage SI induced in the receiver coil 
7, 

- determining the period of time Ta that elapses from the 
time to of the change of the magnetic field in the 
transmitter coil 3 up to the time tl when a voltage 
starts being induced in the receiver coil 7, 

- determining the maximum magnitude Slmax of the voltage 
induced in the receiver coil 7, and 

- based on measured values received, calculating the 
thickness and/or electrical conductivity of the object 
5 to be measured. 

A measuring device according to the invention comprises 

- arranging the transmitter coil 3 to generate a change- 
able magnetic field, 

- arranging the receiver coil 7 to generate a voltage SI 
when being subjected to a change of magnetic field, 

- arranging a control circuit 1 to initiate a sudden 
change of the magnetic field in the transmitter coil 3, 
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- arranging means 10, 11, 12, 13 to determine the time tl 
for the penetration of the magnetic field through the 
object 5 to be measured and hence the time period Ta, 

- arranging means 13 to detect the maximum induced vol- 
tage Slmax in the receiver coil 7, and arranging means 
13 to calculate, based on these values, the thickness 
or electrical conductivity of the object 5 to be mea- 
sured . 

In other words, the lapse of time of the induced voltage is 
measured in the receiver coil after a sudden shut-off of the 
current feed to the transmitter coil, and these measured 
values are used in a calculation v/here the thicloiess of the 
sheet can be determined without the other properties of the 
sheet influencing. According to the invention, this is thus 
carried out essentially by calculating, from the lapse of 
time of the voltage, a time when the change of the magnetic 
field, emanating from the sudden shut-off of the current 
feed in the transmitter coil, starts penetrating through the 
sheet, and also by measuring, from the lapse of time of the 
voltage, the induced voltage after the change of field has 
penetrated through the sheet, and then using the ratio be- 
tween this calculated time and the measured voltage as a 
primary measure of the thickness of the sheet • 

Thus, the present invention solves the problem of making the 
magnetic measurement technique generally applicable. A user 
of the technique disclosed in SE 517 293 need not completely 
change the basic technique when sheet of a thin thickness is 
to be measured. The invention allows the measurement for 
thin sheet to be carried out with the same type of equipment 
and method. 

The invention makes possible measurement with a few, extre- 
mely simple components, which are also not sensitive to me- 
chanical damage and destruction. The equipment comprises 
simple coils and a few siirple electric/electronic standard 
components . 
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The equipment may therefore advantageously be integrated 
with a thickness meter for thicker sheet according to known 
technicjue. It is even possible to use certain of the com- 
ponents, but in different ways, in common in both measuring 
5 devices . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in greater detail below with 
10 reference to the accompanying figures. 

Figure 1 shows an electronic circuit diagram of measuring 
equipment according to the invention. 

15 Figures 2A-E show five different signal diagrams showing the 
signal values at different times. 

Figure 3 shows an alternative solution to measuring equip- 
ment according to the invention, where the direction of the 
20 current through the transmitter coil is alternately changed. 

Figure 4 shows a flow diagram of a method according to the 
invention . 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a circuit diagram according to the invention 
for measuring thickness and conductivity of an object, or an 
object 5 to be measured, and its electrical properties. The 
30 object 5 to be measured, here in the form of a sheet, is 
placed between a transmitter coil 3 and a receiver coil 7. 

The transmitter coil 3 is fed, during a first period of time 
Tl, with a substantially constant current i which comes from 
35 a current source 4 via a transistor 2. The transistor 2 is 
controlled by a signal Scl from a control circuit 1, 



During a first period of time Tl, a current-feed period, the 
transistor 2 carries current from the current source 4 to 
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the transmitter coil 3 and further to groxand Gnd. Directly 
after this current-feed period Tl, the current to the trans- 
mitter coil 3 is interrupted by the transistor 2 shutting 
off. A resistor 6 across the transmitter coil 3 serves as a 
discharge resistor in connection with the interruption of 
the current, 

This resistor 6 together with the inductance of the trans- 
mitter coil 3 determines the switch-off time of the trans- 
mitter coil 1. 

The sheet 5, the thickness or electrical conductivity of 
which is to be measured, is placed in the vicinity of the 
transmitter coil 3 such that the sheet 5 is influenced by 
the magnetic field generated from the transmitter coil 3, On 
the other side of this sheet 5, a receiver coil 7 is ar- 
ranged at such a distance from the transmitter coil 3 that 
it is influenced by the magnetic field of the transmitter 
coil 3, 

The receiver coil 7 is connected by one connection to ground 
GnD and by its other connection to a voltage amplifier 9, 
and a discharge resistor 8 is also placed across the recei- 
ver coil 7. The voltage anplifier 9 transforms the induced 
voltage level SI across the receiver coil 7 to a suitable 
level for the integrator circuit 10. In this integrator cir- 
cuit 10, the voltage from the amplifier 9 is integrated from 
the time tl when the feeding via the transistor 2 is inter- 
rupted and forwards in time. The control of the integrator 
circuit 10 is performed by the (time) control circuit 1 via 
a signal Sc2 . The integrated signal S2 is passed to two 
parallel Sample and Hold (S/H) circuits 11, 12 where the 
value of the integrated signal S2 at two different times, 
determined by control signals Sc3 and Sc4 from the control 
circuit 1, is determined as two different voltage levels S3, 
S4. 

The stable voltages S3 and S4 can now be used as initial 
values for calculating both the thickness of the sheet and 
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the electrical conductivity thereof. This is done in a cal- 
culation circuit 13 which, for example, may be a subtraction 
amplifier, a processor, a computer, or the like. The calcu- 
lation circuit 13 presents the final result in the form of 
an output signal to a computer or the like, or quite simply 
a value shown in a presentation unit 14. 

Figures 2A-E illustrate exait^les in diagram form of the dif- 
ferent signals that occur in measuring equipment according 
to Figure 1. Five different diagrams A-E are shown, where in 
each diagram the horizontal axis shows the time and the ver- 
tical axis shows current and voltage levels. As mentioned, a 
control signals Scl brings the transistor 2 to open during a 
time period Tl, allowing current to pass through the trans- 
mitter coil 3. The time period Tl is so long that all 
changes in the magnetic field, which is generated by the 
transmitter coil, due to changes in the current i, have 
ceased. In the diagrams in Figure 2, the time period Tl is 
considered to have started even before the time shown in the 
diagrams . 

At time tO, the transistor 2 is brought to shut off the cur- 
rent through the transmitter coil 3 . The current through the 
transmitter coil 3 i is clear from diagram A. That change in 
the magnetic field, generated by the transmitter coil 3, 
which becomes a consequence of the change of the current 
feed gradually penetrates through the sheet 5, and the 
change of the magnetic field around the receiver coil 7 in-- 
duces a voltage SI in the receiver coil 7. The voltage SI 
thus induced is shown in diagram B in Figure 2. 

Only the change of time during time periods tO to t4 is of 
primary interest since it is during this time period that 
the measurement of the parameters in question occurs. At 
time to, no field change at the receiver coil 7 occurs at 
first, which is due to the fact that it takes a certain time 
for the field change from the transmitter coil 3 to pene- 
trate through the object to be measured, i.e. the sheet 5, 
The absence of field change across the receiver coil 7 thus 
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causes the induced voltage in the receiver coil 7 to initi- 
ally be zero at time tO, 

After a period of time Ta, from the time tO when the current 
in the transmitter coil 3 was shut off, the change of the 
magnetic field has penetrated through the sheet 5 and hence 
also the magnetic field is changed in and around the recei- 
ver coil 7, which in turn gives rise to an induced voltage 
in the receiver coil 7. The change of field in the receiver 
coil 7 and hence the voltage across the receiver coil 7 SI 
after a short while reach a maximum value Slmax and then 
successively decrease. 

The signal SI is antplified in the aitplifier circuit 9 and 
integrated in the integrator circuit 10 into a signal S2, 
The change of the signal S2 over time is shown in the dia- 
gram in Figure 2C. 

The integrator circuit 10 is reset during the period of time 
Tl when the transmitter coil 3 is fed with current and inte- 
grates the incoming signal voltage SI only from time tO on- 
wards. At a time t4, when signal values S3, S4 have been 
measured at two different times t2, t3 and stored in the S/H 
circuits 11, 12, the integrator circuit 10 is reset by the 
control circuit 1. 

The diagram in Figure 2D shows the voltage signal S3 which 
has been detected at time t2 . The S/H circuit 11 is control- 
led by the control signal Sc3 from the control circuit 1 in 
such a way that the value assigned to the voltage signal S2 
at the time t2 is retained by the S/H circuit. The voltage 
signal emerging from this S/H circuit 11 when the process 
has been terminated, that is, after time t4, thus represents 
the signal relationship at time t2. 

In a corresponding way, the diagram in Figure 2E represents 
the voltage signal which is detected by the S/H circuit 12 
and v/hich represents the magnitude of the integrated signal 
S2 at time t3 . 
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This completes the description of feeding of a transmitter 
coil 3 and measurement at a receiver coil 7. During practi- 
cal use of this method and device, this sequence is repeated 
regularly. The output signals from the S/H circuits 11, 12 
5 will then not be zero during the time period Tl and up to 
times t2 and t3. Instead, the signal values from the prece- 
ding sequence will remain during this time. 

According to the invention, the time t2 is chosen in such a 
10 way that the change of the magnetic field has had ample time 
to penetrate, after the time period Ta, but before the sig- 
nal SI from the receiver coil has had time to fall consi- 
derably from its maximum value. The time period Ta may ei- 
ther be determined by measuring when the voltage signal in 
15 the receiver coil 7 has a value greater than zero for the 

first time, or by using measurements and calculations from a 
previous measuring instant. 

The time period Ta may also be calculated from the following 
20 relationship: 

Ta = constantl x (Sheet thickness)" x Y 

where y is the electrical conductivity of the sheet. 

25 

Constantl is a generally applicable constant which may 
either be calculated using field theory or be measured in a 
known case. During practical use of this calculation fonrni- 
la, estimated values of sheet thickness and conductivity are 
30 used at first. Then, t2 is chosen such that the time period 
tl to t2 is larger than this Ta value by a good margin. 

Typically, t2 is selected such that the time period becomes 
twice as long as Ta, but the device functions well also when 
35 selecting t2 such that the time period becomes between 1.2 x 
Ta and up to long after Ta, for example 10 times longer. A 
consequence of this is that Ta only needs to be roughly es- 
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timated to determine t2 and t3, which considerably facilita- 
tes the use of the invention. 

As an example may be mentioned that if the sheet thickness 
is indicated in mm, the conductivity in 1/ohm/m and the time 
in microseconds, then Constantl is approximately 

2*^/7t^=2*10"', where \i is the magnetic permeability in 
vacuxim. 

The time t2 is further selected so as to occur within the 
time period Tb, a time period after which SI still lies 
close to its maximtmi value Slmax. By SI lying close to its 
maximum value is meant here that the signal value has not 
dropped more than 10 %. The best results when using the de- 
vice according to the invention are obtained if Tb is a time 
period of such a duration that the signal value SI has only 
fallen insignificantly from its maximum value, for example 2 
% at the end of the period, 

Also in those cases where the signal value is measured at a 
time when it has fallen below Slmax, a correct value of 
Slmax may be calculated with sufficient accuracy. This can 
be done by solving the underlying fundamental equations for 
this case (Maxwell's equations). Such a solution is compli- 
cated to achieve, but it has proved that a simple adjustment 
of the measured values at t2 and t3, respectively, can be 
obtained as follows: 



53 jiist = 



l~Vl"2*jtoJzjtanr2*53 
konsimtZ 



S4 just = 



51max = 



l-Vl-2*^on^tanr2*iS4 

kons tan t2 
S4 just -S3 just 
;3-r2 



Konstant2 is here a constant, independent of the object to 
be measured, which may be calculated or measured in a case 
with a known object 5 to be measured. The calculation of 
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S3just and S4just may be further refined, with the aid of 
calculations with fundamental underlying equations, thus 
making it possible to measure also when the signal value has 
dropped more than 10 %, but inside these 10 % the above- 
mentioned adjustment is sufficient. 

The time t3 is selected such that it is behind the time t2 
but still before the signal Si has dropped too much from 
Slmax. It has proved from experience that it is suitable to 
place the time t3 approximately twice as long from tl as t2. 

In the embodiment of the invention described above, the cur- 
rent feed to the transmitter coil 3 has been interrupted. 
The invention is not, however, limited to such a change of 
the current feed, but the invention may be caused to func- 
tion also with other sudden changes from one constant cur- 
rent value to another. A total shut-off of the current, from 
a constant current value down to zero, is normally prefer- 
able, not least because it is technically easier to rapidly 
shut off a current completely with a transistor than to ra- 
pidly switch on a current or to rapidly change a current 
from one value to another. 

The duration of the period of penetration (Ta) is calcula- 
ted, according to the invention, by regarding the voltage S2 
as a linear function of the time in the region around t2 and 
t3, and then with the aid of the signal values S3 and S4 at 
t2 and t3 calculating the time value of this function when 
the signal is zero (0) . Likewise, Slmax is calculated as the 
inclination of this function. Alternatively, S3 just and 
S4just are used for this calculation in those cases where 
the signal S has fallen considerably in relation to Slmax. 
The thickness of the object may then be calculated as the 
product of Slmax and Ta. 

The two signal values S3,S4, which are obtained from the S/H 
circuits 10,11, or, alternatively, the calculated values 
S3 just, 84 just, are used for calculating, in an unambiguous 
way, values of the thickness and electrical conductivity of 
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the object to the measured, i.e. the sheet 5. This is car- 
ried out in the calculating circuit 13 by calculating the 
thickness and the conductivity Y f^rom the algorithm: 

5 Sheet thickness = Constants x(S3 x t3-S4 x t2)/(t3-t4) 
Y ^ Constant 4 / ((S4 - S3) x (S3 x t3 - S4 x t2)) 

Constantl and Constant2 are determined by measurement on 
sheet of a known thickness and of a known electrical conduc- 
10 tivity. This method of calculation has proved to function 
well when times t2 and t2 may be selected such that they 
will both lie near the maximum value Sl^iax signal SI. 

However, it may be difficult, in a practical case, to select 
t2 and t3 in this way, due to the fact that it is not known 
15 in advance where in time this maximum value lies. 

According to an alternative embodiment in accordance with 
the invention, the starting-point may also be an appearance 
of the integrated signal S2, which is known in advance by 
20 measurement of a plurality of sheets of a known thickness 
and a known conductivity, or which is known by calculation, 
and by comparing this known appearance with the signal for 
S3 at t2 and S4 at t3 , thickness and conductivity may be 
calculated on the unknown sheet during measurement. 

25 

According to a similarly alternative embodiment in accor- 
dance with the invention, the time of penetration Ta and the 
maximxim induced voltage Slmax may be calculated directly 
from the induced signal SI according to Figure 2. This may 
30 be done either by detecting when a certain signal level is 
achieved the first time after tl as a measure of Ta and by 
sensing the maximum value of the signal SI as a measure of 
Slmax. Then the thickness of the sheet 5 may be calculated 
as being proportional to the product of these two values. 

35 

Further, the reciprocal value of the electrical conductivity 
may be obtained as the product of the square of the value of 
Slmax and the value of Ta. Values of Ta and Slmax may also 
be obtained in a similar manner by first converting the sig- 
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nal SI into digital form and then carrying out the determi- 
nation according to the above in a calculating circuit. 

A further alternative method of determining thickness and 
conductivity from the signal SI, or alternatively S3 and S4, 
is to calculate, based on assumed values of thickness and 
conductivity, signals with the fundamental electromagnetic 
equations and to compare these calculated signals with 
measured signals. When calculated and measured signals 
correspond, the assumptions concerning thickness and con- 
ductivity are accurate. An essential advantage of arranging 
the measurement in accordance with the invention has proved 
to be that the signals measured, SI or alternatively S3 and 
S4, become coinpletely independent of the position of the 
object in relation to coils. Contrary to other inductive 
measuring devices, this means that no compensation for the 
position of the object is needed. 

An alternative method of determining the time of penetration 
Ta and the magnetic fl\ix through the sheet 5 is shown in 
Figure 3. Two transistors 2a, b are arranged for controlling 
the supply current to the transmitter coil 3 , The first 
transistor 2a is arranged to carry current from a constant 
current source 4a to the transmitter coil 3 and the second 
transistor 2b is arranged to carry current from the trans- 
mitter coil 3 to the output 4b connected to a constant cur- 
rent sink or voltage with a negative potential , A discharge 
resistor 6 is connected by way of the transmitter coil 3, 
The two transistors 2a and 2b are controlled from the con- 
trol circuit 1 in such a way that they alternately carry 
current . 

During a first period of time Tl, up to time tl (see Figure 
2), only one transistor 2a carries current so that the cur- 
rent flows through the transmitter coil 3 and then to ground 
Gnd. During the period from tl to a point some time after 
t4, both transistors 2a, b are closed and the signals, gene- 
rated by the voltage induced in the receiver coil 7, are 
measured. Thereafter, the process is repeated with the dif- 
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ference that the second transistor 2b carries current in the 
opposite direction, that is, from ground Gnd through the 
transmitter coil 3 via the transistor 2b to the output 4b 
which has a negative potential • 

The changes of the magnetic field will now alternately have 
different directions and the voltage SI induced in the 
tremsmitter coil 3 will alternately be of different polari- 
ties. The output signal from the S/H circuits 11,12 becomes 
an ac voltage with a square-wave appearance. When this sig- 
nal is treated in the calculating circuit 13, the difference 
between the positive signal value and the negative signal 
value is used as measured values of S3,S4. In this way, 
values of the two quantities are obtained which are not in- 
fluenced by, for example, zero errors in the electronic 
circuits 7-12, and the calculation of the thickness and the 
electrical conductivity of the sheet 5 will be even more 
accurate than when using the circuit solution according to 
Figure 1. The embodiment according to Figure 3 is preferable 
when very high demands for accuracy of measurement are made. 

The method according to the invention may, at least partly, 
be carried out with the aid of program codes which are run 
in a processor or on a computer, and these program codes may 
be stored on a computer- readable medixam such as a hard disk, 
a diskette, a CD-ROM, other movable memory, etc. 

One important aspect of this invention, which is primarily 
intended to be used for measuring on thin sheet, is that the 
coils described in connection with Figures 1 and 3 may also 
be used for measuring on thicker sheet by means of any of 
the inductive techniques which have been described as new. 
So, coils that are used for measuring thicker sheet accor- 
ding to SE 517 293 may be given a different use, for example 
according to Figure 3, by changing, depending on sheet 
thickness, the feeding to transmitter coils and connection 
of receiver coils. 



wo 2005/064268 PCT/SE2004/0(»1981 

18 

Although the invention as defined above has been described 
by means of a few embodiments, the invention is not, of 
course, limited to these embodiments; other embodiments and 
variants are feasible within the scope of protection of the 
claims. Thus, for example, it is conceivable for the calcu- 
lation of the thickness and/or electrical conductivity of 
the object of measurement to be made also using mathematical 
formulae which are, completely or partly, different from 
those described in the application • 
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